The DAX1 gene encodes an orphan member of the nuclear receptor superfamily that lacks the typical zinc finger DNA-binding motif, but retains the ligand-binding domain characteristic of other family members (1). DAX-1 is expressed in the adrenal cortex, gonads, hypothalamus and anterior pituitary (2). It interacts with another orphan nuclear receptor, steroidogenic factor-1 (SF-1) (3), which plays a pivotal role in the development and function of these tissues (4-9). In vitro studies suggest that DAX-1 represses SF-1-mediated transcription, but the roles of SF-1 and DAX-1 in the development and function of these tissues remain unclear (5-7). Recent results obtained in Ahch (the mouse Dax1 homologue) knockout mice suggest that DAX-1 may also play a direct role in spermatogenesis (10).
Mutations in the DAX1 gene cause X-linked adrenal hypoplasia congenita (AHC) and hypogonadotropic hypogonadism (HHG). In affected boys, primary adrenal insufficiency occurs soon after birth or during early childhood; HHG is recognized at the expected time of puberty. In this report, we describe the novel phenotype of a man who presented with apparently isolated adrenal insufficiency at 28 years of age. Examination revealed partial pubertal development and undiagnosed incomplete HHG. Gonadotropin therapy did not improve his marked oligospermia, suggesting a concomitant primary testicular abnormality. Genomic analysis revealed a novel missense mutation, I439S, in DAX1. The mutant DAX-1 protein was studied for its ability to function as a transcriptional repressor of target genes. Consistent with the patient's mild clinical phenotype, the I439S mutation conferred intermediate levels of repressor activity of DAX-1 when compared with mutations associated with classic AHC. This unique case extends the clinical spectrum of AHC to include delayed-onset primary adrenal insufficiency in adulthood and milder forms of HHG. Furthermore, in accordance with findings in Ahch (Dax1) knockout mice, the clinical features in this patient suggest that DAX-1 function is required for spermatogenesis in humans, independent of its known effects on gonadotropin production.
Methods
Hormone assays and pulse analysis. Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) were measured using chemiluminescent immunoassays (Chiron Diagnostics, Cergy-Pontoise, France). The FSH and LH assays had an analytical sensitivity of 0.3 IU/L and 0.07 IU/L, respectively. The intra-and interassay coefficients of variation were, respectively, 2.8% and 4.6% at 4 IU/L for FSH, and 4.7% and 6.3% at 5 IU/L for LH. Free α subunit (FAS) was measured using an immunoradiometric assay (Immunotech, Marseilles, France). The FAS assay had an analytical sensitivity of 0.02 IU/L. The intra-and interassay coefficients of variation were 6.8% and 8.6% at 0.44 IU/L. Serum inhibin B was measured as described previously (14) . LH and FAS pulsatility was determined using cluster analysis (method number 7) (15) .
DNA sequencing and mutation analysis. Genomic DNA was extracted from peripheral blood leukocytes using standard procedures. The gonadotropin-releasing hormone (GnRH) receptor gene was sequenced as described previously (16) . Exons 1 and 2 of DAX1 were PCR-amplified with specific primers as described previously (11) . The following primer pair was used to amplify and sequence exon 2: 2F (sense): 5′-GCTAG-CAAAGGACTCTGTGGTG-3′ and 2R (antisense): 5′-CCCT-CATGGTGAACTGCACTAC-3′. PCR was performed in 50-µL volumes containing 200 ng of genomic DNA, 50 pM of each dNTP, 10 pmol each of primer (2F and 2R), 16.6 mM (NH 4 ) 2 SO 4 , 6.7 mM MgCl 2 , 67 mM Tris, 6.7 µM EDTA, 1% DMSO, and 0.4 units of Taq-I polymerase (Roche Diagnostics, Meylan, France). PCR conditions were 30 cycles as follows: 30 seconds at 96°C, 90 seconds at 60.5°C, and 2 minutes at 72°C. This sequence was followed by a final extension step at 72°C for 7 minutes. PCR products were run on a 1.5% NuSieve gel. Purified PCR products (50 ng) were sequenced directly using the Taq Big Dye Terminator sequencing kit (Perkin-Elmer Applied Biosystems, Foster City, California, USA) with primers 2F and 2R. After identification of the mutation by DNA sequencing, BsrDI restriction digestion was used to detect the mutation in additional family members. Restriction enzyme digestions using BsrDI were performed at 60°C in a 30-µL reaction mixture containing 15 µL of PCR product 2F/2R, 20 U BsrDI (New England Biolabs, Beverly, Massachusetts, USA), 3 µL NE buffer, and 0.3 µL BSA (all supplied by the manufacturer). The DNA digestion products were run on a 6% acrylamide gel.
Construction of DAX-1 expression vectors. DAX1 cDNA containing the patient's I439S mutation was created by site-directed mutagenesis using full-length human DAX1 cDNA as a template and an overlapping PCR strategy with primers containing the appropriate nucleotide substitutions (ATC to AGC). A similar overlapping PCR approach was used to create mutant cDNA fragments containing the other naturally occurring DAX-1 mutations, R267P and ∆V269 (6, 11) . A carboxy terminal deletion mutant of DAX-1 (∆448-470) was made by restriction enzyme digestion of wild-type cDNA (6) . Each mutant DNA fragment was inserted into wild-type DAX1 cDNA using appropriate restriction enzyme sites. Mutations were verified by direct DNA sequencing.
Full-length wild-type or mutant (R267P, ∆V269, I439S, and ∆448-470) DAX1 cDNA was introduced into a pCMX vector to allow expression of full-length wild-type or mutant DAX-1 protein. In addition, cDNA corresponding to the putative ligand-binding (LBD) domain of DAX-1 alone (codons 207-470) was introduced into a pBIND vector (Promega Corp., Madison, Wisconsin, USA) and linked to a GAL4 DNA-binding domain (DBD) to allow expression of wild-type and mutant GAL4-DAX-1 fusion proteins.
Construction of SF-1 and Egr-1 expression vectors and reporter genes. Human SF1 (FTZF1) cDNA (kindly provided by M.S. Ramayya, University of Washington, Seattle, Washington, USA) was introduced into a pCMX vector to express full-length SF-1 protein. In addition, cDNA corresponding to the transcriptional activation domain of SF-1 (codons 133-461) was introduced into a pBIND vector and linked to the GAL4 DBD to express a GAL4-SF-1 fusion protein (6) . Rat early growth response 1 (Egr1) cDNA was introduced into a pCMX vector for expression of fulllength Egr-1 protein (17) .
The UAS-TK109luc reporter was used for GAL4 fusion protein studies, as described previously (6) . This reporter contains 2 GAL4 binding sites (UAS) upstream of the -109 TK promoter. A rat LHβ gene reporter containing nucleotides -154 to +5 of the LHβ gene promoter was inserted into a pA3 luciferase vector.
Transient gene expression studies. Transient gene expression studies were performed using a human embryonic kidney tsa201 cell line (18) . These cells were grown in DMEM supplemented with 10% FBS, 1% penicillin, and 1% streptomycin in a 5% CO 2 atmosphere at 37°C.
The effect of DAX-1 and its mutants on basal transcriptional activity was investigated by cotransfecting 25 ng pBINDGAL4-DAX-1 expression vector (empty, hDAX1 wild-type, R267P, ∆V269, I439S, or ∆448-470) with 500 ng UAS-TK109luc reporter (6) . The effect of DAX-1 and its mutants on SF-1 mediated transactivation was investigated by cotransfecting 50 ng pCMX-DAX-1 expression vector with 25 ng pBIND-GAL4-SF-1 and 500 ng UAS-TK109luc reporter. The effect of DAX-1 and its mutants on the synergistic activation of the native rat LHβ gene promoter by SF-1 and Egr-1 was investigated by cotransfecting 50 ng pCMX-DAX-1 expression vector with 20 ng pCMX-SF-1, 20 ng pCMX-Egr-1, and 500 ng pA3-LHβ gene reporter.
All transfections were performed in triplicate, using calcium phosphate precipitation. Cell extracts were prepared 48 hours after transfection, and luciferase assays were performed. The mean of each triplicate reaction was expressed as a percentage of the DAX-1 empty vector control for that study to allow comparison of data from different experiments. The results represent the mean ± SEM from at least 6 independent experiments, each consisting of triplicate transfections.
Results
Case report. A 28-year-old man was referred with suspected adrenocortical failure. He complained of fatigue for 5 years. Evaluation performed by his general practitioner 4 years before presentation revealed low 24-hour urinary excretion of 17-hydroxycorticosteroids and 17-ketosteroids (2.3 mg/d and 5.7 mg/d; normal range: 4-8 mg/d and 12-18 mg/d, respectively). However, no diagnosis was made at that time, nor was any medication given. During the year before admission, the patient noted additional symptoms such as episodes of nausea, abdominal pain, orthostatic dizziness, and the loss of 4.5 kg of body weight. His height and weight were 171 cm and 58 kg, respectively, and his blood pressure was 100/60 mmHg while supine. On physical examination, moderate and diffuse increased skin pigmentation was noted, with a few hyperpigmented macules on the lips.
Baseline sodium was low (133 mmol/L; normal: 135-145 mmol/L), potassium was increased (6.0 mmol/L; normal: 3.5-5.0 mmol/L) and blood glucose was normal. The diagnosis of primary adrenal insufficiency was made in view of an elevated 800-hour serum adrenocorticotropic hormone concentration (60 pmol/L; normal: < 10 pmol/L) associated with a low cortisol concentration (63 nmol/L; normal range: 193-690 nmol/L), which did not increase after cosyntropin stimulation (250 µg intramuscularly). Serum aldosterone was undetectable, whereas supine and plasma renin activity was dramatically increased (29 ng/mL per hour; normal range: 0.16-2.3 ng/mL per hour). The serum concentrations of dehydroepiandrosterone sulfate (0.4 µmol/L) and 17-hydroxyprogesterone (0.6 nmol/L) were low (normal range: 1-4 µmol/L and 1.8-6.2 nmol/L, respectively). Steroid supplementation with hydrocortisone and fludrocortisone resulted in rapid improvement of his clinical condition.
Computed tomography (CT) scan of the abdomen revealed small noncalcified adrenal glands. The chest x-ray was normal, and cultures of bronchial fluid were negative. There was no evidence of tuberculosis, antiadrenocortical antibodies were negative, and very-longchain fatty acids were normal.
Physical reexamination revealed sparse facial, thoracic, and pubic hair (Tanner stage 3) and a gynecoid distribution of subcutaneous fat. There was no gynecomastia. Penile length was normal, but testicular volume was low (6 mL bilaterally). The patient disclosed that puberty had occurred at the age of approximately 16. He described impaired libido and infrequent erections, but he had not sought treatment for these symptoms and was able to have sexual intercourse. Testosterone concentration measured on several occasions ranged from 5.8 nmol/L to 8.4 nmol/L (normal range: 12-40 nmol/L). Basal serum FSH and LH concentrations were 2.9 IU/L and 2.6 IU/L, respectively (normal range: 1-5 IU/L), and increased to 4.6 IU/L and 8.8 IU/L after GnRH stimulation (50 µg intravenous gonadorelin; Ferring, Gentilly, France). After human chorionic gonadotropin (hCG) stimulation (1,500 U intramuscularly daily for 3 days), serum testosterone increased from 8.0 nmol/L to 27.5 nmol/L. After 5 days of pulsatile administration of GnRH (10 µg intravenous gonadorelin every 2 hours using a computerized portable infusion pump), serum testosterone increased from 5.8 nmol/L to 12.2 nmol/L and reached the normal range for adults. Serum basal FSH and LH concentrations at that time were 6.4 IU/L and 5.3 IU/L, respectively, and increased to 7.0 IU/L and 8.5 IU/L after a subsequent stimulation test using 50 µg of intravenous GnRH. Serum prolactin, growth hormone, and thyroid function tests were normal. The karyotype was XY. Olfactory tests, high-resolution CT scanning and MRI of the pituitary gland, and serum ferritin concentration were all normal.
Semen analysis revealed severe oligospermia (semen volume: 2.5 mL; sperm count: 8.5 × 10 6 per mL; motility: 30%; abnormal forms: 52%). After 10 months of treatment using intramuscular exogenous gonadotropins (hCG; 5,000 IU twice weekly) and human menopausal gonadotropin (hMG; 150 IU twice weekly), his serum testosterone concentration increased to 29 nmol/L (normal range: 12-32 nmol/L). However, semen characteristics remained unchanged (semen volume: 5 mL; sperm count: 6.0 × 10 6 per mL; motility: 35%; abnormal forms: 56%).
The patient was reevaluated at age 42 while being treated with hydrocortisone (35 mg/d), fludrocortisone (100 µg/d), and depot testosterone enanthate (250 mg intramuscularly every 3 weeks). Investigations of the pituitary-gonadal axis were performed 2 months after withdrawal of testosterone therapy. At that time, serum testosterone (4.9 nmol/L) and free testosterone (27 pmol/L) concentrations were low (normal range: 10-40 nmol/L and 60-140 pmol/L, respectively). Basal serum FSH and LH concentrations were 6.9 IU/L and 2.0 IU/L, respectively (normal range: 1-6 IU/L). Serum inhibin B was dramatically decreased (7 pg/mL; normal range: 105-165 pg/mL). LH and FAS pulsatility was evaluated by serum sampling at 10-minute intervals for 6 hours (Figure 1) . The mean ± SE serum LH and FAS concentrations were 2.0 ± 0.1 IU/L and 0.10 ± 0.02 IU/L, respectively. Computer algorithms detected 3 LH pulses and 4 FAS pulses of small amplitude (0.3 ± 0.1 IU/L and 0.2 ± 0.2 IU/L, respectively). Although the number of pulses was normal (19) , the secretory patterns were erratic, and only 1 LH pulse and FAS pulse were coincident (20, 21) . Administration of the GnRH analogue agonist triptorelin/decapeptyl (Ipsen Biotech, Paris, France) induced a dramatic and progressive increase in FSH, LH, FAS, and testosterone concentra- (Figure 2, a and b) . The hypothesis of a mutation in DAX1 was raised, and genetic analysis was performed.
There was no family history of note. The brother of the propositus was normal on clinical examination at the age of 38. His testosterone concentration and cortisol response to cosyntropin were normal.
Mutation analysis. DNA sequencing of the human GnRH receptor gene revealed no abnormality. Direct sequencing of DAX1 revealed a thymine-to-guanine substitution at nucleotide 1316 in exon 2 (Figure 3a) , which results in an isoleucine-to-serine missense mutation in codon 439 of DAX-1 (I439S). This thymine-toguanine substitution creates a novel BsrDI site, which was used to confirm the mutation in an independent PCR reaction from the patient's DNA. The BsrDI digestion pattern of PCR products from DNA samples of the family showed that the mother is heterozygous for the mutation, whereas the father and the unaffected brother have the normal allele (Figure 3b) .
Transient gene expression studies. A schematic representation of the DAX-1 mutants studied is shown in Figure 4a . Fusion proteins containing the DAX-1 LBD linked to a GAL4 DBD were used to study the effect of DAX-1 and its mutants on basal transcriptional activity of the UAS-TK109luc reporter (Figure 4b The thymine-to-guanine nucleotide change creates a novel BsrDI site. PCR products from the patient, his mother, his normal brother, his father, and a normal control were digested with this restriction enzyme (lanes 1-5, respectively). The mutated fragment, characterized by a band 13 bp shorter than the wild-type fragment, is present in the patient and his mother (arrows).
R267P, ∆V269, and ∆448-470 mutants, consistent with previous studies (6 (Figure 4c ). Wild-type DAX-1 was a potent repressor of this SF-1-mediated transactivation (87%), as reported previously (6) . DAX-1 repression was reduced significantly when the R267P, ∆V269, and ∆448-470 mutants were cotransfected as controls (7-49%). The I439S mutant again showed partial loss of repression (74%) (I439S vs. wild type, P < 0.005; I439S vs. other mutants, P < 0.000005).
In addition to these artificial promoters, the native LHβ gene promoter was used as an assay of DAX-1 function ( Figure 5 ). This promoter contains 2 composite SF-1/Egr-1 binding sites, which allow synergistic activation of the LHβ gene by these transcription factors (17, (22) (23) (24) (25) . Cotransfection of SF-1 and Egr-1 produced a 22-fold increase in activation, as expected. Wild-type DAX-1 repressed this synergistic activation by 92%, whereas repression with the R267P, ∆V269, and ∆448-470 mutants ranged from 52% to 55%. The I439S mutant showed partial loss of function (83%) (I439S vs. wild type, P < 0.0001; I439S vs. other mutants, P < 0.000005).
Discussion
The discovery that mutations in the human nuclear receptor gene DAX1 give rise to both X-linked AHC and HHG (1, 11) has provided new insight into the pathogenesis of this syndrome. Here, we report the remarkable case of a man with a novel missense mutation in DAX1 who presented with late-onset adrenal insufficiency, incomplete HHG, and severe oligospermia that was unresponsive to gonadotropin therapy. This case extends the clinical phenotype of DAX1 mutations to include patients with a milder disorder and delayed onset of symptoms.
The presentation of adrenal failure at 28 years of age in this patient contrasts markedly with classic cases of AHC. Boys with this condition typically develop acute adrenocortical failure shortly after birth or during early childhood, with a median age at presentation of 3 weeks (9, 13). Rare cases of delayed onset adrenal failure (26) (27) (28) (29) (30) , or progressive deterioration of adrenal function after an asymptomatic period during infancy have been described (31) . However, in all other cases reported to date, unequivocal symptoms of adrenal failure appeared before the age of 10 years (13, 28). The clinical picture described here, including the slow progression of symptoms in adulthood, absence of family history, and subclinical and undiagnosed HHG, might otherwise point to a diagnosis of autoimmune adrenal failure. Mutations in DAX1 should now be considered in the differential diagnosis of such patients.
Although the pituitary-gonadal axis may be intact in early infancy in boys with AHC (32, 33), failure to undergo puberty due to hypogonadotropic hypogonadism is a hallmark of this condition (9, 12, 34) . Recently, spon- The effect of wild-type DAX-1 and its mutants on basal transcriptional activity was studied using 25 ng of a pBIND vector containing the putative LBD (207-470) of DAX-1 fused to the GAL4 DBD, and 500 ng of a UAS-TK109luc reporter. Transient transfection studies were performed in triplicate using human tsa201 embryonic kidney cells. The mean of each triplicate reaction was expressed as a percentage of the empty vector (-) control for that study. The results represent the mean ± SEM from at least 6 independent triplicate experiments. (c) The effect of DAX-1 and its mutants on SF-1-mediated transactivation. Transfections were performed as above, using 25 ng of a pBINDGAL4 fusion protein containing the activation domain of SF-1 (FTZF1) (residues 133-461), 50 ng pCMX-DAX1 expression vector containing the full-length wild-type or mutant cDNA, and 500 ng of a UAS-TK109luc reporter. WT, wild type.
taneous onset of puberty has been described in 3 boys with DAX1 mutations (35) . Nevertheless, gonadotropin deficiency developed rapidly between 15 and 18 years in these individuals, resulting in failure of further pubertal development and low testosterone concentrations (35) . The patient presented here demonstrates that DAX1 mutations may result in even milder forms of HHG. Serum testosterone concentrations were sufficient to allow significant masculinization to occur at the time of puberty, and from the patient's point of view, an acceptable level of sexual activity during adulthood.
It remains debatable whether HHG associated with DAX1 mutations results from hypothalamic or pituitary dysfunction (9, 12, 29, 34) . DAX-1 is expressed at both these levels (2) , and recent studies suggest that they may both be involved (29) . Our patient's response to pulsatile GnRH administration was less than might be expected for someone with a selective hypothalamic GnRH deficiency (e.g., Kallmann syndrome) (20, 29, 34) , suggesting at least a partial pituitary component to the defect in gonadotropin production. However, most of our results favor a predominant hypothalamic defect in this case, including: (a) the normalization of serum testosterone concentration after pulsatile administration of GnRH for 5 days; (b) the dramatic and sustained increase of FSH, LH, FAS, and testosterone after administration of a GnRH agonist analogue (36) (37) (38) ; (c) the erratic and asynchronous pattern of pulsatile LH and FAS secretion, which is assumed to reflect the activity of GnRH-secreting hypothalamic neurons (20, 21, 34) ; and (d) the low serum LH/FSH ratio (20, 34) .
Although HHG in this patient was incomplete, he had severe oligospermia, raising the possibility that DAX-1 may affect spermatogenesis directly. DAX-1 is known to be expressed in Sertoli cells in rats (39) , and targeted disruption of Ahch (Dax1) in mice results in infertility despite apparently normal gonadotropin and adrenal steroid production (10) . Indeed, progressive epithelial dysgenesis and loss of germ cells is seen after birth in these animals, consistent with a primary Sertoli cell defect (10, 40) . Exogenous gonadotropin therapy did not correct the oligospermia in this patient, indicating that the impaired spermatogenesis results from mechanisms other than HHG. In addition, the low serum inhibin B concentration, despite a slightly elevated serum immunoreactive FSH concentration (41), provides further evidence that DAX-1 mutations cause primary defects in Sertoli cell function (10, 39) . Taken together, these data suggest that abnormalities of spermatogenesis may also comprise part of the clinical spectrum of AHC.
The coexpression of DAX-1 with SF-1 in the gonadal and adrenal axes (2, 3) , and the adrenal failure seen in patients with mutations in these genes (11, 42) , suggest that DAX-1 and SF-1 interact in a common genetic pathway. An SF-1 response element has been identified in the DAX1 promoter (4), and SF-1 activates Ahch (Dax1) expression (8) , while in vitro studies have consistently shown that DAX-1 actually represses SF-1-mediated transactivation. Indeed, DAX-1 also inhibits transcription of SF-1 target genes involved in adrenal steroidogenesis, such as steroidogenic acute regulatory protein (StAR), P450scc, and 3β-hydroxysteroid dehydrogenase (43, 44) . This repression is compatible with the XY sex reversal seen in association with overexpression of Ahch/Dax1 in mice (45) and humans (46) , where DAX-1 is thought to antagonize the actions of the testis-determination factor, SRY, in gonadal development. However, a repressor role for DAX-1 in the adrenal and reproductive axes is more difficult to understand. Nevertheless, functional studies have shown that the transcriptional silencing activity of the DAX-1 protein is localized to the carboxy terminus, corresponding to the putative LBD (6, 47) .
Diseases caused by natural mutations provide insight into the relationship between the structure and function of the proteins encoded by the mutant genes. Remarkably, all mutations associated with AHC reported to date alter the structure of the carboxy terminus of the DAX-1 protein (1, 11, 13, 26, 27, 29, 32, 33, 35, (48) (49) (50) (51) (52) (53) (54) (55) (56) . The majority of these are frameshift or nonsense (stop codon) mutations that result in a truncated protein. There is no obvious correlation between the putative structural consequences of these mutations and the clinical phenotype (13) . Indeed, the age at onset of adrenal insufficiency can vary within the same family, suggesting that other epigenetic or nongenetic factors influence the clinical course of AHC (11, 13, 27, 32) . Analysis of phenotypes associated with missense mutations that result in single amino acid substitu-
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Figure 5
The effect of DAX-1 and its mutants on SF-1/Egr-1 synergistic activation of the rat LHβ gene promoter. Cotransfection of human SF1 (FTZF1) (20 ng) with rat Egr1 (20 ng) produced synergistic activation of the rat LHβ gene promoter (-154 to +5) (500 ng). Repression by wild-type (WT) DAX-1 (50 ng) was reduced when the R267P, ∆V269, and ∆448-470 DAX-1 mutant vectors were investigated. The I439S mutant had intermediate function.
tions might be more helpful in revealing the relationships with genotypes and identifying important functional domains in the DAX-1 protein. About 10 different missense mutations in DAX-1 have been reported to date (11, 26, 33, 35, (54) (55) (56) . These are all located within the putative LBD of DAX-1, as is the novel I439S mutant described here (Figure 4a ). The I439S mutation appears to represent an example of a DAX-1 mutation associated with a mild phenotype. Functional studies were undertaken, therefore, to assess the effects of the mutant I439S DAX-1 protein on transcriptional repression. The naturally occurring DAX-1 mutations, R267P and ∆V269, and a deletion mutant, ∆448-470, were included as positive controls because these are associated with clinically severe phenotypes and have been shown to reduce the inhibitory activity of DAX-1 in transient gene expression assays (5, 6, 47) . As expected, wild-type DAX-1 exerted strong repression of basal transcriptional activity (6), SF-1 mediated transcriptional activation (5, 6, 47) , and SF-1/Egr-1 synergistic activation of the LHβ gene promoter (25; LHβ is a natural DAX-1 target gene). A significant reduction in repressor activity was seen with the R267P, ∆V269, and ∆448-470 mutants, whereas the I439S mutant had less effect on DAX-1 repressor activity. The partial loss of function seen with the I439S mutant is consistent with the mild clinical phenotype described in the patient. In addition, these data provide the first evidence that naturally occurring DAX-1 mutations affect the ability of DAX-1 to repress LHβ, a natural target gene in the reproductive axis.
In conclusion, this case extends the spectrum of Xlinked AHC to include delayed onset of adrenocortical insufficiency in adulthood and subclinical HHG. The diagnosis of AHC should be considered in men with apparent idiopathic Addison's disease. After steroid replacement, careful assessment of the reproductive axis and gonadal function should be undertaken, and mutational analysis of DAX1 should be considered. Similarly, DAX1 should be considered a candidate gene in young adults presenting with mild "idiopathic" HHG. Additional studies of the spermatogenic response to gonadotropin therapy are required to confirm the probable AHC-associated infertility in these patients.
